A green and an aqueous-mediated sonochemical synthesis of 8-aryl-7,8-dihydro-[1,3]-dioxolo[4,5-g]quinolin-6(5H)-ones from the multi-component reaction of Meldrum's acid, 3,4-methylenedioxy aniline and various aromatic aldehydes is described in the presence of catalytic amount of TiO 2 NPs for the first time using high power sonicator. Initially, TiO 2 NPs has also been synthesized by the biochemical method using leaf extract of Origanum majorana plant as a reducing and capping agent under sonication. Under the sonication, the catalytic activity of 
Introduction
Present drug innovation is faced with the challenges of scheming chemical reactions that are extremely able of providing target molecules with structural diversity and molecular complexity in one step by avoiding the use of volatile organic solvents triacontane and phenolic glycosides and these biomolecules are responsible for synthesis of nanoparticles [19] . The literature survey reveals some reports on the synthesis of silver [20] and ZnO NPs [21] using leaf extract of Origanum majorana, but no report is available on the synthesis of TiO 2 NPs using Origanum majorana plant.
Hence, due to the remarkable catalytic properties of TiO 2 NPs in organic synthesis and well documented antioxidant properties of Origanum majorana [22] in the present paper, we have developed a green method for synthesis of TiO 2 NPs using leaf extract of Origanum majorana for the first time.
Further, consumption of organic solvents at industrial scale has led not only to the environmental pollution but also cause many severe diseases and problems such as high cost, toxicity, need of high purity, and biodegradability [23] . In recent years, water as a reaction medium or an additive has emerged as a hot topic in green organic chemistry [24] . Water act as an endowment for the synthetic strategy as it exhibits unique reactivity and selectivity that not only accelerates the reaction rate but also enhances the selectivity even when the reactants are sparingly soluble or insoluble in this medium [25] . The use of sonication is a hub of scientific and industrial researches due to their lot of beneficial advantages. It is a more efficient, green technique and recently widely used in the synthesis of various important heterocyclic compounds and various organic transformations [26] . The use of sonication in organic synthesis has superiorities such as expediency, fewer reaction time, cleanness and controllability over the traditional heating methods which generally require longer reaction times, high temperature and typical reaction conditions. Therefore, nowadays it is a very challenging approach in organic synthesis and full-fill various aspects of green chemistry principles. A good reason to the rate enrichment of organic reactions under sonication can be explained by the acoustic cavitation theory and according to this theory during the irradiation under sonication there is a generation of high microscopic pressure and temperature within a few seconds and due to this rate of reaction increases and reaction occurred in short reaction time [27] .
Nitrogen-containing heterocyclic system quinoline is of utmost significance in the field of pharmaceuticals and medicinal chemistry. It is prevalent in a large number of pharmacologically active natural and synthetic compounds such as chloroquine, quinine, amodiaquine, piperaquine, primaquine, mefloquine [28] and many more (Fig. 1) . Furthermore, other quinoline derivatives are also possessing various other important biological activities such as antimicrobial, antileishmanial, antioxidant, antiproliferative, antitumor, anticancer and anti-inflammatory [29] .
In the recent era, the concept of molecular hybridization or hybrid molecule has emerged great attention to the construction of new molecules by combining two or more pharmacophoric units in one structure [30] . The literature survey reveals that the slight modification or introduction of new group or entities in quinoline molecular frame enhances the remarkable biological profile.
Encouraged, by the promising biological activities of the quinoline substructures and our continued research programme on developing a sustainable synthetic methodology for synthesis of medicinally interesting heterocyclic compounds using ultrasound irradiations [31], we wish to report here an effective synthesis of 8-aryl-7,8-dihydro- [1, 3] -dioxolo[4,5-g]quinolin-6(5H)-ones (4a-l) from three-component reaction of Meldrum's acid 1, 3,4-(methylenedioxy)aniline 2 and various aromatic aldehydes 3 in the presence of catalytic amount of TiO 2 NPs in aqueous medium using high intensity probe sonicator (HIU) in excellent yield in shorter reaction time for the first time (Fig. 2) . Previously, Azarifar et. al reported the synthesis of other derivatives of the same framework under solvent-free conditions using low-intensity ultrasonic laboratory (LIU) cleaning bath [32] . However, the reported method has own merits but it is well known that the waves generated from an ultrasonic cleaner has significantly less power and energy and is not uniformly available when compared to generated from a direct immersion horn in sonicator [33] . This can lead to reproducibility problem due to the lower power involved for LIU [34] . In the present study, the synthesis of TiO 2 NPs has been attempted using leaf extract of Origanum majorana under sonication in order to make whole the process more eco-friendly and convenient. Due to the cavitation effect of ultrasound the synthesis of non-aggregated TiO 2 nanoparticles was achieved in reduces time with compared to other methods.
Experimental

Chemicals and instruments
Melting points of all synthesized compounds were taken on a digital melting point apparatus. FT-IR spectra were recorded on a Perkin-Elmer spectrum version 10.4 
Synthesis
Preparation of leaf extract of Origanum majorana
Leaves of Origanum majorana are collected and thoroughly washed with water.
Take 20 gm of leaves into 100 ml of distilled water at 80 C for 2 hrs. After cooling, the aqueous extract was filtered using n Whatman filter paper. The residue was removed and the filtrate was used for the synthesis of nanoparticles.
2.2.2. Synthesis of Titania nanoparticles using Origanum majorana leaf extract 0.5 mol L -1 solution of titanium (IV) isopropoxide was prepared. The 50 mL of freshly prepared leaf extract was mixed to 50 mL of 0.5 mol L -1 titanium (IV) isopropoxide solution and stirred at 500 rpm at 50 C. After vigorous stirring for 5 h, the color of the mixture gradually changed to white yellowish gel, indicating the formation of TiO 2 nanoparticles. The same mixture was immersed using ultrasonic processor probe system (Qsonica700) operating at 20 kHz, 700W with 12 mm tip. The operating conditions were a 30-sec pulse on and 30-sec pulse off time with an amplitude of 50% for 10 min. After 10 min the yellowish gel was obtained. The nanoparticles solution was then centrifuged at 6000 rpm for 20 min in order to clean any residue remaining from the extract. The obtained precipitate was washed with water several times to remove by-products and dried at 100 C in the oven for overnight.
General procedure for synthesis of 8-(
A mixture of Meldrum's acid 1 (1 mmol), 3,4-(methylenedioxy)aniline 2 (1 mmol) aldehydes 3 (1 mmol) and TiO 2 NPs (10 mol %) was taken in 20 ml of tap water in a flask. Then, the mixture was sonicated for an appropriate time an amplitude of 50% (power 50 W) with 12 mm probe. After completion of the reaction as indicated by TLC, the solid precipitate was filtered and washed with water (10 mL) and dried to the obtained crude product. Ethyl acetate was added to this crude product and mixture was centrifuged at 10000 rpm for 25 min to separate out the TiO 2 NPs. Then separated TiO 2 NPs were washed with ethanol and dried to reuse. The product in ethyl acetate was obtained after evaporation and then recrystallized to get pure products.
The synthesized hybrids were characterized by calculating their Melting Point, analyzing their 1 H NMR, 13 C NMR and mass spectral data (spectra of representative compounds are given in supplementary information). The spectroscopic data revealed the formation of the hybrids.
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Results and discussion
Preparation and characterization of TiO 2 NPs
In the present paper, we report the fast synthesis of TiO 2 NPs using Origanum majorana leaf extract using high-intensity sonicator in ambient conditions. Sonochemical synthesis of nanoparticles is based on the decomposition of precursor and its reduction and stabilization by appropriate agents present in the reaction mixture.
The leaves extract of herb Origanum majorana used as the reducing and stabilizing agent. Origanum majorana is a herb of Lamiaceae family and this family known to contain a range of terpenoids and flavonoids. When a mixture of titanium (IV) isopropoxide and aqueous leaves extract of Origanum majorana was sonicated under high-intensity probe sonicator the TiO 2 NPs was formed through the hydrolysis of precursor titanium (IV) isopropoxide to titanium hydroxide in presence of water and subsequently condensation of Ti(OH) 4 to TiO 2 NPs. The presences of various hydroxyl group compounds in extracts of Origanum majorana are responsible for the antioxidant capacity [19, 22] and catalyzed the condensation reaction and are also responsible for the stabilization of TiO 2 NPs.
For the comparative study, the synthesis of TiO 2 NPs has also been carried out conventionally but the ultrasound-assisted approach offered the advantage of reducing the reaction time to 20 min which was 5h in the case of the conventional approach. The reduction in the reaction time is due to the formation of nonaggregated nanoparticles within a short time and higher yield. Hence, this ultrasound assisted photosynthesis of TiO 2 nanoparticle considered to be an effective method for their synthesis. The plausible mechanism for the synthesis of TiO 2 in presence of leaf extract of Origanum majorana is presented in Fig. 3 . Synthesized TiO 2 NPs are characterized by FT-IR, SEM, TEM, XRD and EDX studies.
Fourier transfer infrared spectroscopy
FT-IR spectrum of synthesized TiO 2 NPs indicates the presence of various biomolecules localized on the surface of nanoparticles and responsible for the synthesis of (Fig. 4) .
X-ray diffraction
XRD pattern of Origanum majorana leaf broth reduced TiO 2 NPs was carried out on X-ray diffractometer equipped with a CuKa radiation (l ¼ 1.54060 A) operated at voltage of 45 kV and current 40 mA (Fig. 5) . The seven distinct peaks at 2q values of 25.50, 38.80, 54.07, 55.28, 62.87, 69.07, 70 .49 correspond to the diffraction of (101), (004), (112), (105), (211), (204), (220) crystal planes respectively that are matched with standard JCPDS (fill no 21e1272) clearly indicating the high purity anatase phase of TiO 2 NPs. Furthermore, the size of the crystallite of TiO 2 nanoparticles was estimated using the Debye-Scherrer equation.
Where D is crystallite diameter in A, K is Scherer constant (average value 0.9), l is X-ray wavelength, q is diffraction angle, and b is full width at half maximum of XRD peak (in radian). The calculated average crystallite size of plant synthesized TiO 2 nanoparticles was found to be in the range of 20 nm. 
Scanning electron microscopy
SEM analysis shows that nanoparticles formed clusters of aggregates, at scale bar 1mm and 200 nm ( Fig. 6a and b ) they appeared as a spherical shape with a particle size less than 20 nm as indicated in TEM (Fig. 7) . The energy dispersive X-ray analysis study (EDX) shows the presence of titanium and oxygen (Fig. 8) . The peaks due to carbon, oxygen, calcium, and sodium indicate the extracellular organic moieties are adsorbed on the surface of the metallic nanoparticles. Initially, the model reaction has been carried out under ultrasonic irradiation in presence of a different catalyst to afford desired derivative 4a ( Table 1 , entries 1e6) in aqueous medium using various acid catalysts such as p-TSA, boric acid and sulfamic acid but only moderate yield of desired product was obtained (Table 1 , entries 1e3).
Further, to enhances the yield the model reaction has also been checked in presence of various nanocatalysts of metal oxide such as ZnO, MgO, and TiO 2 (Table 1, entries 4e6) and from the assessment of screening results, it is clearly apparent that out of other metal oxides TiO 2 nanoparticles was found best catalyst for this reaction. To check the particle size of TiO 2 the model reaction was also examined in the presence of commercial TiO 2 (Table 1 , entry 7) but the yield of synthesized compound 4a was comparatively low as obtained in case of TiO 2 NPs. This may be due to its largest surface area and presence of the most reactive acidic sites due to its nano-sized nature. After that, to check the effect of solvent the model reaction was also performed in various organic solvents such as 1,4-dioxane, CH 3 CN and CHCl 2 ( Table 1, entries 8e10) under sonication in presence of TiO 2 NPs. The results obtained from Table 1 showed that using water as solvent best results were found that compared to other tested solvents which make this strategy further greener and suitable. The role of solvents under sonication is playing an important role as I max (maximum cavitation intensity) and T Imax (the temperature at I max is reached) of any solvent have a profound effect on sonochemical reactivity for water I max is 100, the I max of water is responsible for the increase in the reaction rate compared to the other solvents for which I max is lower [35] . Furthermore, an experiment was conducted in the absence of a catalyst (Table 1, entry 11) . But only traces of product were obtained after 40 min under sonication. Therefore, TiO 2 was important for this reaction. The effect of TiO 2 NPs amount was also checked by changing the loading amount to 5%, 10%, and 15%, it was observed that 10 mol % of TiO 2 NPs provided the upper limit yield (Table 1, entry12-13) .
Effect of various power and amplitude of ultrasound sonicator on the synthesis of 4a
Further, to check the role of ultrasound and effect of various powers/amplitude of sonicator the model reaction in presence of optimizing catalyst and solvent has been performed by high stirring alone under a silent condition at room temperature ( Table 2 , entry -1). The results obtained from this experiment show that the yield of the desired product is poorer after continuing stirring for a longer time. This study shows the specific effect of ultrasound irradiation.
To verify the effect of power/amplitude of sonicator the model reaction also performed at different power to obtained the target product in excellent yields (Table   2 , entry 2e7). The results show that power of ultrasound sonicator play an important role on the rate of reaction as shown in (Table 2 ) the increasing power from 25 to 50 W enhances the yield of desired product with reducing the reaction time.
The possible explanation of this effect is due to the increasing number of active cavitation bubbles and resultant maximum collapse temperature. Hence, during this study, we employed various reaction conditions and it was found that best results have been obtained using 10 mol % of TiO 2 NPs in an aqueous medium under sonication at power 50 watts. Furthermore, after the completion of the reaction, the catalyst was easily recovered and reused. Recovered TiO 2 used for several times for the model reaction under optimize reaction conditions and it was observed that the catalytic activity of TiO 2 NPs was not lost and after five runs there is no notable change observed in yields (Fig. 9 ).
Under the optimized reaction conditions, this new Meldrum's acid-based multi- Due to the dual catalytic property of Lewis acid and base of TiO 2 metal oxide the plausible mechanism suggested for the synthesis of 4a-l shown in Fig. 11 . It is assumed that TiO 2 NPs are coordinate with the carbonyl oxygen of aldehyde and it becomes activated. Then, the Knoevenagel condensation reaction between the activated aldehyde and Meldrum's acid 1 gives Knoevenagel adduct A. In next step Michael-type addition of 3,4-(methylenedioxy)aniline 3 take place with A to yielding intermediate B which subsequently undergoes intramolecular cyclization to form C, then after the desired quinoline hybrids, 4 was formed by releasing CO 2 and acetone. 
Conclusions
In summary, biologically, and pharmaceutically relevant new quinolone hybrids were synthesized by three-component reaction of Meldrum's acid, 3,4-(methylenedioxy)aniline and various aromatic aldehydes under ultrasonic irradiation in presence of a catalytic amount of TiO 2 nanoparticles. In the presence of TiO 2 NPs different substituted 8-aryl-7,8-dihydro- [1, 3] -dioxolo[4,5-g]quinolin-6(5H)-ones were prepared by easy procedure with high atom economy, excellent yields, and mild reaction conditions. TiO 2 NPs were also synthesized under ultrasound irradiation by a direct interaction of titanium (IV) isopropoxide and Origanum majorana leaves extract as reducing and capping agent. After the completion of the reaction, the prepared TiO 2 NPs has been easily recovered and catalytic activity of catalyst remains unchanged after use.
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